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Precise information on the number of workers currently exposed to carcinogens in the
Commonwealth of Independent States (CIS) is lacking. However, the large number of workers
employed in high-risk industries such as the chemical and metal industries suggests that the
number of workers potentially exposed to carcinogens may be large. In the CIS, women account
for almost 50% of the industrial work force. Although no precise data are available on the number
of cancers caused by occupational exposures, indirect evidence suggests that the magnitude of
the problem is comparable to that observed in Westem Europe, representing some 20,000 cases
per year. The large number of women employed in the past and at present in industries that
create potential exposure to carcinogens is a special charactenstic of the CIS. In recent years an
increasing amount of high-quality research has been conducted on occupational cancer in the CIS;
there is, however, room for further improvement. International training programs should be
established, and funds from international research and development programs should be devoted
to this area. In recent years, following privatization of many large-scale industries, access to
employment and exposure data is becoming increasingly difficult. - Environ Health Perspect
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According to the International Agency for
Research on Cancer (IARC), several
industries, occupations, and agents used
in industry, agriculture, and transport are
recognized as carcinogenic to humans (1).
Almost all these industries and occupa-
tions were represented in the former
Soviet Union, and known and suspected
carcinogens are still used in the Russian
Federation (RF) and other countries of
the Commonwealth of Independent
States (CIS).
Tumors ofoccupational origin occur in
small population groups exposed to com-
paratively high levels ofcarcinogens in spe-
cific workplaces. Occupational cancer
incidence and mortality are valuable tools
in formulation ofetiologic hypotheses and
represent the basis for implementation of
occupational cancer prevention.
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Because the entire industrial sector,
induding transport, is an important source
ofpollution both in the workplace and in
the general environment, research on the
epidemiology ofmalignant tumors con-
tributes to prevention in both these
domains. For these reasons and because of
the involuntary nature of exposure to
occupational carcinogens, preventing
occupational cancer is a priority in the
prevention of malignant neoplasms in
manycountries.
In the former Soviet Union, the
epidemiology of occupational cancer
received little attention. Indeed, work in
this area was confined to a few research
institutions; information on the number of
cases ofoccupational cancer was absent;
and data on occupational cancer were
strictlyconfidential.
NumberofWorkers Exposed
to Carcinogens
The first step in the assessment ofcarcino-
genic risk is to obtain valid and detailed
information on the total number ofwork-
ers in different branches ofthe industry
and to determine patterns ofexposure to
known and suspected carcinogens and
strategic ways to develop the scientific
investigation. Our data on the numbers of
employed and exposed workers were
obtained from the Interstate Statistical
Department ofthe CIS.
We have examined statistical data
for 1985, 1990, and from 1992 to 1995
on the total numbers of economically
active men and women in the former
Soviet Republics ofEurope that are mem-
bers of the CIS-Belarus, Moldova, the
Ukraine, and the RF. The statistical data
for the RF indude those related to itsAsian
territory, as it was not possible to separate
the two components.
The total industrial work force has
decreased since 1985. For example, in the
RF there was a 28% decrease between
1985 and 1993 (2). Table 1 shows the dis-
tribution ofworkers by major economic
sector in 1992. The largest labor force was
in the manufacturing sector, followed by
the agricultural sector (3).
According to the Interstate Statistical
Department ofthe CIS, the total number
ofpersons employed in 1990 in manufac-
turing industries in the four states men-
tioned above was about 30 million. Of
these workers, about 1.4 million in Belarus,
400,000 in Moldova, more than 16 mil-
lion in the RF, and about 7 million in the
Ukraine were employed in the heavy indus-
try. The majority ofworkers were involved
in mechanical engineering and metal pro-
cessing: about 685,000 in Belarus, 10 mil-
lion in the RF, 3 million in the Ukraine,
and 100,000 in Moldova. Ofthese work-
ers, nearly720,000 worked in powerplants
and 1.5 million worked in the fuel indus-
try, which included 250,000 in petroleum
extracting and processing, 30,000 in natural
gas production, and 1.1 million in coal
mining. There was also a large labor force
in several othersectors, such as the chemical
(1.1 million employees), petrochemical
(365,000), forestry and woodworking (over
2 million), textile (over 1.3 million), and
leather, footwear, and fur industries
(500,000) (Table 2).
In conclusion, precise information is
lacking on the number ofworkers cur-
rently exposed to carcinogens in the CIS.
The large number ofworkers employed in
high-risk industries such as the chemical
and metal industries suggests that the
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Table 1. Employed workers (inthousands) bymajoreconomic branch, 1992.a
Economic branch Belarus Moldova Russian Federationb Ukraine
Industry 1,470 ND 21,787 7,400
Agriculture 977 ND 9,502 4,920
Forestry 37 ND 234 69
Building construction 481 ND 8,303 1,910
Transport and communication 353 ND 5,569 1,622
Total 4,887 2,050 72,300 23,985
ND, no data. *Data from Interstate Statistical Department of the Community of Independent States (3). hlncludes
the Asianterritory.
Table 2. Number of employed male and female workers (in thousands) in selected branches of manufacturing,
1990.a
Types of manufacturing Belarus Moldova Russian Federationb Ukraine
Power plants 27 11 545 137
Petroleum extracting 1.2 137 4.8
Petroleum processing 6.0 94 15
Gas production 27 4.6
Coal mining 484 626
Ferrous metal 9.4 2.9 785 447
Nonferrous metal 1.5 - 487 44
Mechanical engineering, 685 127 9,639 3,056
metalworking
Chemical 77 7.0 755 256
Petrochemical 20 294 51
Forestry 15 1.7 828 50
Woodworking 72 21 765 216
Pulpand paper 11 1.4 189 29
Building materials manufacture 88 29 1,097 395
Textile 101 35 932 242
Leather, shoes, fur 37 15 342 142
Food 110 68 1,545 660
Total 1,397 371 20,028 6,755
-, No industry. 'Data from Interstate Statistical Department ofthe Community of Independent States(3). hincludes
the Asian territory.
number ofworkers potentially exposed to
carcinogens may be large.
Exposure ofWomen to
Occupational Carcinogens
Both the level of development of the
individual industries and the number of per-
sons employed there differ among countries
within the European section of the CIS.
However, the proportion ofworking women
continues to be high everywhere, accounting
for approximately 50% ofthe total indus-
trial labor force (Table 3), although large
differences between industries are observed.
This figure is higher than that reported for
other European countries, where it was dose
to 40% during the 1980s (4).
In 1990, 5900 women were employed
in the fuel industry in Belarus (34% ofthe
total labor force in this industry), 230,000
in the RF (29%), and 136,000 in the
Ukraine (21%). Large numbers of women
were employed in mechanical engineering
and metalworking-more than 4 million in
the RF, 1.4 million in the Ukraine, 300,000
in Belarus, and over 50,000 in Moldova. In
the chemical industry, women accounted
for 48% of the labor force in Belarus, 60%
in Moldova, 51% in the RF, and 50% in
the Ukraine. In the forestry industry, these
proportions ranged from 34% in the RF to
42% in the Ukraine. More than one-third
ofthe labor force in the building materials
industrywere women.
There are few studies exploring the
association between employment ofwomen
and carcinogenic risk (4,5). The large
number of women continuing to be
employed in industries with potential
exposure to carcinogens is a special charac-
teristic ofthe CIS. More research must be
conducted to assess the carcinogenic risk of
female workers in the CIS.
Workers Exposed to
Health Risks
Statistics are available on the estimated
number ofworkers referred to as "exposed,"
which is defined as occupational exposure
to chemical agents, including carcinogens,
that can adversely affect human health.
Estimates for men according to economic
sector are presented in Table 4. The totals
are more than 330,000 in Belarus (as of
1993), more than 35,000 in Moldova,
more than 4 million in the RF (as of
1995), and more than 2 million in the
Ukraine (as of 1994) (6).
Many women work in conditions
harmful to health (Table 5). The estimated
number of exposed women exceeded
130,000 in Belarus in 1993, 18,500 in
Moldova in 1992, 1.2 million in the RF in
1995 and 500,000 in the Ukraine in 1990
(3,6).
In all CIS countries, those persons
working under conditions detrimental to
health have a right to compensation. The
system for compensation is comparable in
all CIS countries. In the RF, in 1995, 4
million workers were entitled to an
extended paid annual leave, 640,000 had a
shortened workday, 4.5 million received
free meals or milk at the workplace, 3.9
million either received increased wages or
enjoyed fringe benefits, and close to 3 mil-
lion were entitled to a special pension. In
1993, the total number ofworkers receiv-
ing compensation because of unhealthy
working conditions was about 150,000 in
Moldova and about 1.5 million in Belarus.
These statistics do not directly reflect
exposure to carcinogens. It was not possible
to obtain an estimate ofthe proportion of
workers among those classified as exposed
who were exposed to carcinogens. The sta-
tistics suggest, however, that the number of
workers potentially exposed to carcinogenic
hazards may be large.
Research on Occupational
Cancer
Any program designed to reduce occu-
pational cancer should focus on the identi-
fication of specific risks and on specific
interventions. In establishing priorities for
epidemiologic studies, two main criteria
should be considered: a) the pattern of
industrial development and the approxi-
mate number ofexposed workers in partic-
ular regions, and b) the current evaluations
of carcinogenicity, such as those of the
IARC monographs (1,7). It is not necessary
to study the carcinogenic hazard ofwork
processes or agents whose carcinogenicity
has already been established. In such cases
the implementation ofappropriate techno-
logic and hygienic measures should be rec-
ommended to reduce the carcinogenic risk.
However, research on these processes and
agents may be justified to assess the
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Table3. Numberofemployed female workers (in thousands) in selected manufacturing industries, 1990.a
Type of industry Belarus Moldova Russian Federationb Ukraine
Power plants 6.1 2.5 172 42.4
Petroleum extracting 0.5 - 47 1.7
Petroleum processing 1.9 - 42 5.5
Gas production - - 10 1.2
Coal mining - - 286 169
Ferrous metal 3.7 0.8 286 169
Nonferrous metal 0.4 - 170 17
Mechanical engineering, 306 55 4,395 1,388
metalworking
Chemical 37 4.2 384 129
Petrochemical 9.3 - 149 26
Forestry 2.2 0.4 203 12
Wood working 29 8.2 328 97
Pulp and paper 5.1 0.6 87 14
Building material 30 8.5 407 145
Textile 73 27 631 181
Leather, shoes, fur 27 11 231 101
Food 69 38 877 381
Total 713 199 9,440 3,160
-, no industry. 'Data from Interstate Statistical Department of the Community of Independent States (3). %lncludes
the Asianterritory.
Table 4. Number (in thousands) and percentage (in parentheses) of male and female workers classified as
exposeda, by majoreconomic sector.b
Major economic sector Year Industry Building Transport Communication
Belarus 1993 295(23.1) 20.6(6.8) 15.7 (6.2) 0.5(0.9)
Moldova 1995 28.2 (15.2) 2.0 (6.9) 5.7 (11.2) 0.9(5.7)
Russian Federationc 1995 3,280 (21.4) 313(8.7) 410(11.0) 28.9(3.4)
Ukraine 1994 1,732(28.4) 155(12.7) 127 (10.9) 6.9(2.6)
'Fordefinition of exposure, see text. bData from IARC (6). clncludes Asian territory.
Table 5. Number (in thousands) and percentage (in parentheses) of female workers classified as exposeda, by
major economic sector.b
Major economic sector Year Industry Building Transport Communication
Belarus 1992 126(20.4) 2.5(4.1) 2.1 (3.7) 0.4(0.9)
Moldova 1992 15.9(13.0) 0.8(7.2) 0.4(3.4) 1.4(11.4)
Russian Federationc 1995 1082 (15.5) 48.8(5.8) 56.0(5.2) 14.5(2.5)
Ukraine 1990 467 (15.4) 11.8(4.0) 11.9(3.5) ND
ND, no data. 'For definition of exposure, see text. bData from Interstate Statistical Department of the Community
of Independent States (3) and IARC (6). lncludes the Asian territory.
risk quantitatively or to investigate whether
a previously identified risk has been
reduced or has disappeared following the
implementation ofpreventive measures.
The study of cancer epidemiology
depends to a large extent on the availability
and quality of the health statistics. In the
former Soviet Union, virtually all the
important statistical information on the
health of the population remained undis-
dosed. This applied particularly to sex- and
age-specific data on morbidity and mortal-
ity from cancer and other diseases, essential
data when one wishes to calculate expected
figures in individual occupational groups.
Currently, relevant data are published and
readily accessible both for individual CIS
countries and for individual territories of
the CIS (8).
When conducting epidemiologic
studies of occupational cancer, however,
one meets great difficulties in follow-up of
the cohorts and in the identification of
those who have developed cancer or who
have died from cancer or other causes as
there are no computerized registries to
record cases ofdiseases or deaths.
Compulsory cancer registration in the
former Soviet Union began in 1953.
However, only since 1961 were the cases
registered at the time ofdeath or added at
autopsy to those recorded during a lifetime.
For example, the total number of incident
cases 3 years later in 1964 increased by
25.4% compared with that in 1961 (9).
The main sources of information on
cancer incidence in the population of the
former Soviet Union were the regional
oncological cancer dispensaries that were
responsible for treating and providing life-
long follow-up ofcancer patients, collect-
ing information about patients, and
presenting annual statistical reports at the
provincial and republic levels.
Reports were compiled by dispensaries
within 6 weeks after the end ofeach calen-
dar year, and the incidence rates in the pre-
vious year were presented in tabular form.
Such annual summary reports on cancer
morbidity statistics were final in that no
corrections could be introduced even if
errors had been detected. This system has
been the object of justified criticisms
(9,10).
Until 1989, the official form for col-
lecting the data on cancer incidence in the
former Soviet Union included only 14 sites
and 7 age groups. A new form including 42
sites and 16 age groups was then intro-
duced. The annual summary reports ofthe
State Statistical Services included informa-
tion on mortality from 22 different types of
cancer. However, the presentation ofresults
was not standardized and frequently differ-
ent forms ofcancer were grouped together
without an obvious reason. All this made it
difficult to calculate expected rates.
The first step ofscientific investigations
in the field of occupational cancer epi-
demiology in CIS countries is to assemble
data on workers in different industrial
activities and evaluate the most important
areas for research. An important task is
thus to identify the strategic problems spe-
cific to each region of the CIS. An impor-
tant limitation is that the number ofcases
of occupational cancer in the former
Soviet Union has never been published.
Thus, the first step in carcinogenic risk
assessment is to obtain valid information
about the number ofworkers in the differ-
ent branches of the industry under study
in each CIS country, in order to establish
the number ofworkers exposed to known
orsuspected carcinogenic agents.
The accident at the Chernobyl power
plant prompted a number ofepidemiologic
investigations on cancer and other related
outcomes among exposed workers [for
reviews see Rytomaa (11) and Bochkov
(12)] in addition to studies of environ-
mentally exposed populations both within
and outside the former Soviet Union. This
unfortunate event offered the possibility of
enhancing the amount and quality of
research on the health effects ofradiation,
includingoccupational cancer (9). In other
areas ofoccupational cancer, although a
relatively large number of studies have
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been conducted in the former Soviet
Union and in the European CIS countries,
few results are available through the inter-
national literature. We conducted a MED-
LINE search for the years 1966 to 1997 on
epidemiologic studies of occupational
cancer risk factors other than radiation car-
ried out in the former Soviet Union and in
European CIS countries. After excluding
duplicate publications, we identified 40
epidemiologic studies on occupational
cancer (Table 6), all ofwhich were con-
ducted in the Russian Soviet Republic or
in the RF.
These studies are likely to represent
only a subset ofexisting studies. The list in
Table 6 shows a tendency to replicate
studies on known carcinogens such as
asbestos and aromatic amines, whereas
only a few studies investigate suspected
carcinogens such as methyl methacrylate
and carbon black. This is disappointing
given the large numbers of men and
women who have been employed in haz-
ardous industries in the past. The majority
ofthe studies are reported only in Russian,
although since 1991 there is a tendency to
report more studies in English. The histor-
ical cohort study represents the main
approach used so far to investigate occupa-
tional cancer risks. In some cases the
methods used in the studies (e.g., choice
Table6. Epidemiologic studies of occupational cancer in the formerSoviet Union and the European section of the Commonwealth of Independent States available from MEDLINE, 1966-1996, excluding studies on radiation- induced cancer.
Year(reference
ofprimary Industry, occupation, orexposure Studydesign publication)
Nickel smelting coa 1967(13)
Aromatic amineproduction Cob 1970(14)
Ironmining Coa 1971 (15)
Chloropreneproduction coa 1972(16) Asbestos exposure Co 1972(17) Vehicle drivers Co 1973(18) Nickel smelting Co 1973(19) Chromium ferroalloy production Co 1973(20) Inorganic nonfibrous dust Co 1979(21) Carbon blackproduction Co 1980(22) Vinyl chlorideproduction Co 1983(23) Asphaltworkers Co 1988(24) Rubbershoeworkers Co 1989(25) Steel workers coc 1990(26) Oilrefinery Co 1990(27) Machineryworkersexposed to asbestos Co 1990(28) Graphite and asbestosworkers Co 1990(29) Tireproduction Co 1991 (30) Medical workers Co 1991 (31) Exposure to aromatic amines and otheragents CCb 1991 (32) Steel and iron foundries Eco 1991 (33) Variousoccupations(women) RL 1992(34) Printing industry Co 1992(35) Variousoccupations CCb 1993(36) Asbestos and cementproductmanufacture Co 1993(37) Metalindustry Co 1993(38) Methyl methacrylate exposure Co 1993(39) Wood workers Co 1993(40) Frictionproductmanufacture Co 1993(41) Rubber industry Co 1993(42) Shoe workers Co 1993(43) Welders Coa 1995(44) Asbestospanel manufacture Coa 1995(45) Anilinedyeproduction Co 1995(46) Geologists Co 1996(47) Chemical workers(exposure toacryl monomers) Co 1996(48) Fertilizerproduction Co 1996(49) Nonferrous metal workers Co 1997(50) Metal workers Co 1997(51)
Abbreviations: CC, case-control study; Co,cohortstudy; Eco: ecologic study; RL, record linkage study. &Results are reported only forlung cancer. bResults arereportedonlyforbladder cancer.0Results are reported onlyforstomach
cancer.
of reference population, definition of
exposed groups, statistical analysis) were
open to criticism. However, in recent years
an increasing number ofstudies have been
conductedaccording to modernepidemio-
logic methods. These studies include a
detailed retrospective assessment of expo-
sure, a clear identification of the study
base, a low loss-to-follow-up rate, and an
appropriate comparison group. Often,
they arose from international collabora-
tions of CIS researchers. There is, how-
ever, room forimprovement. International
training programs for epidemiologists,
industrial hygienists, and occupational
physicians would be instrumental in this
process. Similarly, funds from interna-
tional research and development programs
should be allocated forinvestigation ofthe
priorities for intervention. Regrettably, the
situation isworseningagain, followingpri-
vatization of many large-scale industries:
access to employment and exposure data,
which is essential to conduct epidemio-
logic investigations, is becoming increas-
ingly difficult. In addition, limited funds
are available to CIS researchers from local
public sources and practically none from
private sources.
During the late 1980s and the early
1990s, occupational cancer research in the
CIS returned after alongabsence. It is now
the responsibility ofthe international com-
munity not to let it disappear again
because oflackoffunds andcooperation.
Occupational Hygiene and
Prevention ofOccupational
Cancer
Current estimates for western countries
indicate that the proportion of cancers
attributable to occupational exposures is
about 4 to 5% (1). If we apply this pro-
portion to the number of cases in the
European countries ofthe CIS, the num-
ber ofattributable cases would be approxi-
mately 20,000 per year. No direct
estimates of the number ofoccupational
cancers occurring in CIS countries are
available. However, data from the cancer
registry from Belarus suggest that the bur-
den ofoccupational cancer today in that
country is comparable to that ofWestern
European countries. For example, the age-
standardized incidence rate (per million)
ofpleural neoplasms from 1988 to 1992
was 1.5 in men and 0.7 in women.
Corresponding figures in Finland and in
England and Wales were, respectively, 2.6
and 2.9 in men, and 0.8 and 1.1 in
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women (52). However, information on
mesothelioma incidence is not available
for other CIS countries, and the situation
in Belarus might not be representative of
the remaining countries.
In the former Soviet Union, pollution
of the occupational and the general
environment was not, for a long time,
looked upon as a matter ofhigh priority.
The first safety regulations were adopted
in the production of chromic, sulfuric,
nitric, and hydrochloric acids in 1922
(53). The concept ofmaximum allowable
concentrations (MAC) was introduced in
the former Soviet Union in 1933, but it
was only in 1971 that the MAC for a
harmful substance in the air ofthe work-
ing environment was defined in an official
document. Since 1971, MACs have been
reviewed at meetings of the Commission
for the Establishment ofMACs, headed by
leading occupational hygienists and
pathologists in the country. This Com-
mission considered concentrations ofpol-
lutants only in relation to the health status
ofexposedworkers.
Periodic medical checkups occupy a
prominent place in the health system ofthe
former Soviet Union. Preemployment and
periodic medical checkups were first made
mandatory in 1924 for persons in jobs
involving exposure to harmful agents. The
current regulation was issued in 1989 and
provides a system for monitoring the
health status of workers employed in
industry, building construction, and trans-
portation services who represent a substan-
tial proportion ofthe working population.
Although the main purpose ofcheckups is
the detection of occupational diseases,
workers are also screened for tuberculosis,
cancer, and other illnesses.
Regrettably, however, data on the
pollution ofworkplaces have not always
been collected in a systematic way, which
complicates the evaluation of specific
exposures ofworkers in particular jobs and
during particular periods. In epidemio-
logic cohort studies, epidemiologists fre-
quently experience great difficulties in
obtaining retrospective information on
pollution levels at certain workplaces or in
certain occupations. Exposure data are
often incomplete. Nonetheless, the records
of health surveys still available in the
archives ofsanitary and epidemiologic sta-
tions and factory laboratories are impor-
tant potential sources of information for
the studies on the epidemiology of occu-
pational cancer that have been ongoing
during recent years.
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